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Abstract: The electrochemical oxidation degradation processes for artificial and actual wastewater 
containing ammonia were carried out with a Ti/RuO2-Pt anode and a Ti plate cathode. We studied the 
effects of different current densities, space sizes between the two electrodes, and amounts of added 
NaCl on ammonia-containing wastewater treatment. It was shown that, after a 30-min treatment 
under the optimal conditions, which were a current density of 20 mA/cm2, a space size between the 
two electrodes of 1 cm, and an added amount of 0.5 g/L of NaCl, the COD concentration in 
municipal wastewater was 40 mg/L, a removal rate of 90%; and the NH3-N concentration was 
7 mg/L, a removal rate of 88.3%. The effluent of municipal wastewater qualified for Class A of 
the Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant (GB18918-2002). 
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1 Introduction 
Free ammonia (NH3) and ionized ammonia (NH4+-N) in a water body are two forms of 
ammonia nitrogen (NH3-N) that mainly come from the biodecomposition of 
nitrogen-containing organic compounds in municipal wastewater, industrial wastewater, and 
farmland drainage (Kirk et al. 1985). Excess nitrogen discharged into water can contribute to 
eutrophication and associated environmental problems (Zhong et al. 2002). At present, there 
are various methods for NH3-N removal, each with its own advantages, disadvantages, and 
application scopes: physicochemical processes (aerated stripping, adsorption, reverse osmosis, 
distillation, and ion exchange), chemical processes (electrochemical processes, chemical 
precipitation and break-point chlorination), and biological processes (microorganism 
nitrification, denitrification, and algae culture) (Chiang et al. 1995; Brillas et al. 2000; Chen et al. 
2002). Compared with biological processes, electrochemical processes allow for a higher 
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efficiency and a lesser sludge quantity in refractory organic compound degradation, and can be 
controlled automatically, without being affected by toxic biological substances, pH, and the 
environmental temperature of wastewater (Kirk et al. 1985; Strous et al. 1997; Zhou et al. 
2001; Li 2002). In recent years, some researchers have applied electrochemical processes to 
the removal of NH3-N from landfill leachate, but few have applied them to municipal 
wastewater (Szpyrkowicz et al. 1995, 2001; Tanaka et al. 2003).  
This study sought to use electrochemical processes to remove NH3-N from wastewater 
with a novel oxide electrode, in which Ti/RuO2-Pt was the anode and the Ti plate was the 
cathode, and to identify the factors affecting the removal rate of NH3-N. 
2 Experiments and methods 
2.1 Electrodes 
A Ti/RuO2-Pt anode (TohoTech Company, Japan) with dimensions of 15.0 cm × 5.0 cm × 
1.5 mm (thickness) was used in the experiments. RuO2 was used as electrode-coating material 
because of its relatively high oxidizability and long service life, and Pt because it has 
excellent electrical conductivity and electrical catalytic ability. A Ti plate of the same size 
was used as the cathode. 
2.2 Electrochemical degradation experiment 
As can be seen in Fig. 1, the experimental instruments included the electrobath, a 
circulating water tank made of acrylic sheets with a volume of 300 mL; a peristaltic pump 
with a flow velocity of 100 mL/s used to cycle the wastewater in the beaker (which had a 
volume of 1 000 mL) and the electrobath; the Ti/RuO2-Pt anode, which had an effective area 
of 50 cm2; the Ti plate, which was the cathode and had the same size as the anode; a stabilized 
direct current power supply (HY1792-5S) (Huaiyin Instrument Ltd., China) with an effective 
voltage of 0-50 V and an effective current of 0-5 A; and a magnetic stirrer under the beaker to 
make the solution homogenous. 
 
Fig. 1 Schematic diagram of electrochemical degradation
 Wei-wu HU et al. Water Science and Engineering, Dec. 2009, Vol. 2, No. 4, 103-109 105 
The concentration of NH3-N was 40 mg/L, and NaCl was added in amounts of 0.3 g/L, 
0.5 g/L, 1.0 g/L, and 2.0 g/L. The current densities were 10 mA/cm2, 20 mA/cm2, and 30 
mA/cm2, and could be adjusted by current strength. Wastewater with a quantity of 40 mg/L 
(NH4)2SO4 was electrolyzed with different current densities using the Ti/RuO2-Pt anode and 
the Ti plate cathode, with a space between the two electrodes of 1 cm. Samples were 
collected at 5, 10, 20, 30, 40, 50, and 60 min in order to measure the rate of removal of 
NH3-N by the Ti/RuO2-Pt electrode. 
2.3 Measurement methods 
The concentration of NH3-N in the solution was determined with the titrimetric method, 
the COD with the potassium dichromate method, the nitrate-nitrogen concentration with the 
spectrophotometric method with phenol disulfonic acid, and the nitrite-nitrogen concentration 
with the N-(l-naphthyl)-ethylene diamine spectrophotometer method (SEPAC 1989).  
3 Results and discussion 
3.1 Effects of different current densities on NH3-N removal rate 
Fig. 2 shows that different current densities affect the removal rate of NH3-N. When the 
space size between the two electrodes was 1 cm and the added amount of NaCl was 0.5 g/L, 
NH3-N could be electrolyzed in 0-30 min, and the removal rate of NH3-N decreased gradually 
as time went on. To a certain degree, the removal rate of NH3-N increased with current density. 
When the current densities were 10 mA/cm2, 20 mA/cm2, and 30 mA/cm2, the removal rates 
of NH3-N were 25%, 32.5%, and 40%, respectively, after 60 min. Considering current 
efficiency, removal rate, and energy consumption, the optimal current density is 20 mA/cm2.  
 
Fig. 2 Variation of NH3-N concentration with different current densities
3.2 Effects of different space sizes between two electrodes on NH3-N
removal rate 
The effects of different space sizes between the two electrodes on the NH3-N removal 
rate with a current density of 20 mA/cm2 were examined, as shown in Fig. 3. It can be 
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concluded from the experiments that different space sizes between the two electrodes also 
influence the removal rate of NH3-N. A smaller space size between the two electrodes is 
advantageous to the removal of NH3-N, and can decrease both the voltage between the two 
electrodes and energy consumption. But if the space size between the two electrodes is less 
than 1 cm, the bur will block the space and lead to short circuiting. After comprehensively 
considering the removal rate of NH3-N and energy consumption, as well as the blockage when 
the space between the two electrodes was shortened, it was concluded that the optimal space 
size between the two electrodes was 1 cm. 
Fig. 3 Variation of NH3-N concentration with different space sizes between two electrodes
3.3 Effects of different amounts of added NaCl on NH3-N removal rate 
The effects of different amounts of added NaCl on the NH3-N removal rate with a current 
density of 20 mA/cm2 and a space size between the two electrodes of 1 cm were examined, as 
shown in Fig. 4. The removal rate of NH3-N increased with the increase of added NaCl. After 
30 min of electrolytic reaction, the concentrations of NH3-N in wastewater were 20 g/L, 8 g/L, 
5 g/L, and 2 g/L with added amounts of 0.3 g/L, 0.5 g/L, 1.0 g/L, and 2.0 g/L of NaCl, 
respectively. The respective removal rates were thus 50%, 80%, 87.5%, and 95%. The optimal 
amount of added NaCl was 0.5 g/L. 
 
Fig. 4 Variation of NH3-N concentration with different amounts of added NaCl 
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3.4 Degradation kinetics of NH3-N
It is found that the electrochemical oxidation degradation process of NH3-N is a 
pseudo-first-order reaction, based on analysis of the kinetics of electrochemical degradation 
with a current density of 20 mA/cm2, 0.5 g/L of added NaCl, and a Ti/RuO2-Pt electrode: 
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Fig. 5 shows that the kinetics of NH3-N electrochemical degradation using a Ti/RuO
rode can be described as follows:  0.051 20 =e
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Fig. 5 Regression curve of NH3-N degradation
3.5 Total nitrogen removal rate under optimal process conditions 
ace size 
betw
The removal rate of total nitrogen with a current density of 20 mA/cm2, a sp
een the two electrodes of 1 cm, and an added amount of 0.5 g/L of NaCl has been 
examined. The results are shown in Fig. 6. The removal of NH3-N and TN are sufficient, 
without secondary pollutants such as NO3-N or NO2-N produced during the electrolysis 
process. Theoretically, according to the mechanism of break-point chlorination, secondary 
pollutants such as NO3-N or NO2-N will not be produced during the electrolysis process. 
Fig. 6 Removal of TN, NO3-N, NO2-N, and NH3-N under optimal process conditions
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3.6 Trea
optimal process conditions 
nt of the Beixiaohe Wastewater Treatment Plant in 
Beiji
tment effects on actual wastewater under                
In this experiment we used the influe
ng, which consisted of domestic sewage and industrial wastewater from the northeastern 
region of Beijing, without any pretreatment. The COD concentration of the raw sewage was 
400 mg/L and the NH3-N concentration was 60 mg/L. With a current density of 20 mA/cm2, a 
space size between the two electrodes of 1 cm, and an added amount of 0.5 g/L of NaCl, the 
raw sewage was electrolyzed, and the results are shown in Fig. 7. The electrodes have an 
excellent effect on the removal rates of COD and NH3-N from the raw sewage. After 30 min of 
electrochemical reaction under the optimal conditions, the COD in raw sewage was 40 mg/L, a 
removal rate of 90%; and the NH3-N concentration was 7 mg/L, a removal rate of 88.3%. The 
results qualify for class A (COD concentration less than 50 mg/L, and NH3-N concentration 
less than 8 mg/L) of the Discharge Standard of Pollutants for Municipal Wastewater 
Treatment Plant (GB18918-2002). 
 
Fig. 7 Treatment of actual wastewater under optimal process conditions  
4 Conclusio
nditions, NH3-N can be completely degraded with a Ti/RuO2-Pt 
elect
ns
Under certain co
rode, generating a final product of nitrogen gas. The removal rate of NH3-N increases 
with the amount of NaCl and current density. Indirect electrochemical oxidation with a 
Ti/RuO2-Pt electrode was used for NH3-N removal. The experiment showed that the optimal 
conditions for electrochemical oxidation of ammonia nitrogen wastewater are a current 
density of 20 mA/cm2, a space size between the two electrodes of 1 cm, and an added amount 
of 0.5 g/L of NaCl. After 30 min of electrochemical reaction, the COD in municipal 
wastewater was 40 mg/L, a removal rate of 90%; and the NH3-N concentration was 7 mg/L, a 
removal rate of 88.3%. The results qualify for class A of the Discharge Standard of Pollutants 
for Municipal Wastewater Treatment Plant (GB18918-2002). The present study has shown the 
applicability of the electrochemical oxidation method in the treatment of ammonia-containing 
wastewater. The electrochemical oxidation method can therefore be considered a suitable 
method for the treatment of ammonia-containing wastewater. 
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